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22.1
$I=\{1, \ldots, m\}$
$J=\{1, \ldots, n\}$ , $K=\{1, \ldots, s\}$
$i\in I,$ $j\in J,$ $k\in K$
$i$ $i$



























minimize cost $( \sigma)=\sum_{i=1}^{m}\sum_{j=1}^{n}c_{ij}x_{ij}$ , (1)
subject to $\sum_{j=1}^{n}a_{ijk}x_{ij}\leq b_{ik},$ $\forall i\in I,$ $\forall k\in K$ ,
(2)
$\sum_{j=1}^{n}x_{ij}\in H_{i}$ , $\forall i\in I$ , (3)
$\sum_{i=1}^{m}x_{ij}=1$ , $\forall j\in J$, (4)
























$(u, v)$ $w(u, v)$






[7], Gabow $O(mn+n^{2}\log n)$
[4], Mehlhorn Sch\"afer $O(nm\log n)$





$I_{int}$ $(l_{i}=r_{i}\Rightarrow i\in I_{int}$
). $i\in I_{even}$
$H_{i}=\{2l_{i}, 2l_{i}+2, \ldots, 2r_{i}\},$ $i\in I_{odd}$
$H_{i}=\{2l_{i}+1,2l_{i}+3, \ldots, 2r_{i}+1\},$ $i\in I_{int}$
$H_{i}=\{l_{i}, l_{i}+1, \ldots, r_{i}\}$
$V_{1}=\{v_{1}, v_{2}, \ldots, v_{n}\}$
$V_{2}=V_{even}\cup V_{odd}\cup V_{int}$ :
$V_{even}=\{u_{1}^{i}, u_{2}^{i}, \ldots, u_{2r_{\mathfrak{i}}}^{i}|i\in I_{even}\}$
$V_{odd}=\{u_{1}^{i}, u_{2}^{i}, \ldots, u_{2r.+1}^{i}|i\in I_{odd}\}$
$V_{int}=\{u_{1}^{i}, ", . . . , u_{r_{i}}^{i}|i\in I_{int}\}$ .







$\chi=n-\{\sum_{i\in I_{i_{11}t}}l_{i}+\sum_{i\in I_{e.ven}}2l_{i}+\sum_{i\in I_{odd}}(2l_{i}+1)\}$ ,
$\tau=\{\begin{array}{ll}\kappa(\nu), \nu--\chi \text{ }\kappa(\nu)-1, \text{ }\end{array}$
$V=V_{1}$ $V_{2}\cup V_{dummy}$
$E=E_{1}\cup E_{even}\cup E$ $dd^{\cup E_{i}\cup E}ntdummy$
:
$E_{1}=\{(v_{j}, u_{d}^{i})|v_{j}\in V_{1}, u_{d}^{i}\in V_{2}\}$ ,
$E_{even}=\{(u_{d}^{i}, u_{d+1}^{i})|i\in I_{even}$ ,
$d=2l_{i}+1,2l_{i}+2,$ $\ldots,$ $2r_{i}-1\}$ ,




$E_{int}=\{(u_{d}^{i}, z_{t})|i\in I_{int}$ ,
$d=l_{i}+1,$ $l_{i}+2,$ $\ldots,$ $r_{i},$ $t=1,2,$ $\ldots,$ $\tau\}$ ,
$E_{dummy}=\{(z_{t}, z_{t+1})|t=1,2, \ldots, \tau-1\}$.
$E_{1}$




$w(v_{j}, u_{d}^{i})=c_{ij}$ , $\forall(v_{j}, u_{d}^{i})\in E_{1}$ ,
$w(u_{d}^{i}, u_{d+1}^{i})=0$ , $\forall(u_{d}^{i}, u_{d+1}^{i})\in E_{even}\cup E_{odd}$ ,
$w(u_{d}^{i}, z_{t})=0$ , $\forall(u_{d}^{i}, z_{t})\in E_{i}$ $t$ ,









$(vj, u_{d}^{i})\in M$ $w(vj, u_{d}^{i})$
$M$
















$\{u_{1}^{i}, u_{2}^{i}, \ldots, u_{2r_{i}}^{i}\}\subseteq V_{even}$
$i\in I_{even}$ $2l_{1}$ $2r_{i}$
$V_{odd}$









$M=\emptyset$ $J=1,2,$ $\ldots,$ $n$
$M$
$i$ $i=\sigma(j)$







$E_{even}\cup E$ dd $UE_{int}$
$(\{u_{1}^{i}, u_{2}^{i}, \ldots, u_{2l_{:}}^{i}\}\subseteq V_{even}$ $)$ $F$

















2. $s=0$ $i\in I$
O 3
NP














































$N_{shift}(\sigma)=\{\sigma’|$ $\sigma$ ’ $\sigma$
},




$N_{chain}(\sigma)$ $l(l=2,3, \ldots, n)$
$j_{1},j_{2},$ $\ldots,j_{l}$
$\sigma’(j_{r}):=\sigma(j_{r-1}),$ $r=2,3,$ $\ldots,$ $l$ ,
$\sigma’(j_{1}):=\sigma(j_{l})$
$\sigma’$


















$p_{ik}(S)= \max\{0,\sum_{j\in S}a_{ijk}-b_{ik}\}$ ,
$\forall i\in I,$ $\forall k\in K,$ $\forall S\subseteq J$
$q_{i}(S)= \min\{||S|-h_{ig}||h_{ig}\in H_{i}\}$ ,

















(il, $j_{2}$ ) $\in E$ $\sigma(j_{1})$ il
$j_{2}$ $\sigma(j_{1})$
$E=\{(j_{1},j_{2})|j_{1},j_{2}\in V, \sigma(j_{1})\neq\sigma(j_{2})\}$ (5)





$G(\sigma)$ $j_{1}arrow j_{2}arrow\cdotsarrow j_{l}arrow j_{1}$
$i_{r}=\sigma(j_{r}),$ $r=1,2,$ $\ldots,$ $l$ ,
$j_{l+1}=j_{1},$ $i_{l+1}=i_{1}$
$i\in I$ $S\subseteq J$
$pcost_{i}(S)= \sum_{j\in S}c_{ij}+\sum_{k=1}^{s}(\alpha_{ik}p_{ik}(S)+\beta_{iq_{i}}(S))$


















$j_{1}arrow j_{2}arrow\cdotsarrow j_{l}arrow j_{1}$















$\mu_{j_{1}j_{2}}=|\{k\in K|p_{i_{1}k}(J_{i_{1}}^{\sigma}\backslash \{j_{1}\}\cup\{j_{2}\})>0\}|$ ,
$\overline{G}(\sigma)=(V,\overline{E})$













$j_{1},j\in J,$ $l=1,2,$ $\ldots,$ $m-1$
$f^{*}(j_{1},j, l)$ $j_{1}$ $j$ $l$
$j_{1},j\in J$
$f^{*}(j_{1},j, l)$





$f^{*}(j_{1}, j, l)+wjj_{1}$ $(j, j_{1})$ $l+1$















Step3 $j\in J$ (7)
$f^{*}(j_{1},j, l)$
















$f_{-}^{*}(j_{1}, j’, l)=\lambda(f^{*}(j_{1},j’, l))$
$f_{-}^{*}(j_{1},j, l)=\{\begin{array}{l}\lambda(w_{j_{1}j}), l=1,\min_{j\in J}\{\lambda(f_{-}^{*}(j_{1},j’, l-1)+w_{j’j})\},l=2,3, \ldots, m-1\end{array}$
(8)
$l’=2,3,$ $\ldots,$ $l$
$f^{*}(j_{1},j, l’-1)$ $j_{1}arrow j_{2}arrow$
. . . $arrow j_{l}$
$j_{1}$ $j$ $l’$












$i$ $\in$ $I,$ $k$ $\in K$
$\alpha_{ik}$ $:=\alpha_{init},$ $\beta_{i}$ $:=\beta_{init}$
$\sigma_{1}$ pt $\alpha_{ik}$
$\beta_{i}$ $i\in I,$ $k\in K$
:
$\rho_{ik}^{inc}(J_{i}^{\sigma_{1opt}})=p_{ik}(J_{i}^{\sigma_{1opt}})/b_{ik}$ ,
$\rho_{ik}^{dec}(J_{i}^{\sigma 1opt})=\{\begin{array}{ll}-1, p_{ik}(J_{i}^{\sigma_{1opt}})=0,0, p_{ik}(J_{i}^{\sigma_{1opt}})\neq 0,\end{array}$
$\phi_{i}^{inc}(J_{i}^{\sigma_{1opt}})=q_{i}(J_{i}^{\sigma_{1opt}})$ ,
$\phi_{i}^{dec}(J_{i}^{\sigma_{1opt}})=\{\begin{array}{ll}-1, q_{i}(J_{i}^{\sigma_{1opt}})=0,0, q_{i}(J_{i}^{\sigma_{1opt}})\neq 0.\end{array}$
1:
225
$i\in I,$ $k\in K$
$\Gamma_{ik}=\{\begin{array}{l}size_{-}inc_{-}\alpha\cdot\frac{\rho_{ik}^{inc}(J_{i}^{\sigma_{1opt}})}{i’I,k\inK\max_{\in}|\rho_{ik}^{inc},(J_{i}^{\sigma_{1opt}})|},i’I,k’\in K\max_{\in}|\rho_{ik}^{inc},(J_{i}^{\sigma_{1opt}})|>0,0, \text{ }\end{array}$
$\Delta_{i}=\{\begin{array}{l}size_{-}inc_{-}\beta\cdot\frac{\phi_{i}^{inc}(J_{i}^{\sigma_{1opt}})}{\max_{i’\in I}|\phi_{i}^{inc}(J_{i}^{\sigma_{1opt}})|},\max|\phi_{i}^{inc}(J_{i}^{\sigma_{1opt}})|i’\in I">0,0, \text{ }\end{array}$
$\alpha_{ik}$
$\beta_{i}$







































$h_{i_{1}}’=\{h_{i_{1},g}^{i_{1},g-1}h.,$ ’ $g^{*}=1g^{*}\geq 2$
,

















































$n$ $m$ $s$ SSK-CS SSK-noCS CPLEX
Best TTB( ) Best TTB( ) Best TTB( )
$\overline{100511942^{b}}$31.81 $1942^{b}$ 10.08 $1942^{a}$ 4.15
100 5 8 $1954^{b}$ 11.77 $1954^{b}$ 15.37 $1954^{(1}$ 17.57
100 10 1 $1421^{b}$ 58.34 142 $1^{b}$ 41.13 142 $1^{a}$ 12236
100 10 8 $1473^{b}$ 48.55 1476 59.90 1475 274.94
100 20 1 1321 59.01 1329 19.04 $1317^{b}$ 91.27
100 20 8 $1350^{b}$ 153.13 1373 41.05 1351 244.47
200 5 1 $3462^{b}$ 14.80 $3462^{b}$ 368.40 $3462^{a}$ 29.51
200 5 8 $3483^{b}$ 208.85 $3483^{b}$ 549.23 3486 360.50
200 10 1 2829 32.05 $2827^{b}$ 433.84 2830 589.90
200 10 8 $2853^{b}$ 173.94 2855 50.11 $-$
200 20 1 2433 39.25 $2432^{b}$ 406.88 $-$
200 20 8 $2442^{b}$ 179.05 2461 145.44 $-$
400 10 1 5609 930.63 5612 102185 $5604^{b}$ 640.52
400 10 8 5655 658.96 5648 1178.08 $5636^{b}$ 1177.86
400 20 1 $4814^{b}$ 1148.71 4837 1166.66 $-$
400 20 8 $4860^{b}$ 974.29 4866 863.36 $-$
400 40 1 $4288^{b}$ 911.05 4321 1084.30 $-$
400 40 8 $4312^{b}$ 1161.71 4374 1166.98 $-$ $-$
2 D
$n$ $m$ $s$ SSK-CS SSK-noCS CPLEX
Best TTB( ) Best TTB( ) Best TTB( )$\overline{10051}$6371297.68636588.10 $6360^{b}$ 18.72100 5 8 6444 197.09 6458 19541 $6435^{b}$ 129.10
100 10 1 6414 68.91 6402 127.63 $6395^{b}$ 254.91
100 10 8 6554 115.80 6555 211.17 $6541^{b}$ 229.05
100 20 1 $6308^{b}$ 17149 6354 17963 6345 287.33
100 20 8 $6518^{b}$ 225.89 6576 209.10 6604 160.69
200 5 1 12769 122.54 12769 299.22 $12753^{b}$ 439.35
200 58 12833 218.39 12828 279.19 $12787^{b}$ 217.96
200 10 1 12507 512.22 12534 94.58 $12472^{b}$ 447.61
200 10 8 12602 492.17 12664 185.29 $12570^{b}$ 557.40
200 20 1 $12431^{b}$ 497.25 12448 532.40 $-$
200 20 8 $12610^{b}$ 133.18 12682 340.70 $-$
400 10 1 25080 326.09 25107 232.04 $24994^{b}$ 1094.17
400 10 8 25234 846.17 25283 1185.88 $25083^{b}$ 116100
400 20 1 $24775^{b}$ 1115.42 24842 858.41 $-$
400 20 8 $25057^{b}$ 101405 25172 1199.80 $-$
400 40 1 $24668^{b}$ 118131 24872 1038.97 $-$
400 40 8 $24984^{b}$ 899.74 25264 115647 $-$ $-$
Dell Precision 470, Xeon







$i\in I\backslash \{i’\}$ $h_{i1}$
[1, 5] $g$ $:=2$













TTB ( ) Best
100 5 8 $12823^{b}$ 77.43 $12823^{b}$ 130.15 12845 215.78
100 10 1 11711 250.88 $11697^{b}$ 15321 11780 185.52
100 10 8 $11904^{b}$ 167.79 11909 72.03 11951 23021
100 20 1 $8734^{b}$ 186.85 8779 175.77 8801 28545
100 20 8 $11935^{b}$ 87.02 12060 16446 12281 294.03
200 5 1 24956 17168 24958 50096 $24951^{a}$ 23.51
200 5 8 25040 122.03 $25033^{b}$ $3OS.46$ 25046 580.04
200 10 1 23431 520.06 $23426^{b}$ 36.40 23468 30769
200 10 8 23615 402.84 23592 444.45 $23437^{b}$ 562.26
200 20 1 $22725^{b}$ 583.79 22784 580.24 $-$
200 20 8 $23160^{b}$ 540.78 23352 37.10 24616 58854
400 10 1 $45800^{b}$ 1185.16 45805 1088.76 45876 1194.00
400 10 8 45955 630.84 45998 977.27 $45877^{b}$ 392.46
400 20 1 $45154^{b}$ 1020.18 45187 785.82 $-$
400 20 8 $45319^{b}$ 1043.52 45465 742.50 46745 1188.60
400 40 1 46088 1012.45 $45653^{b}$ 1119.02 $-$
400 40 8 $45588^{b}$ 796.96 46066106 460661066.49 $-$ $-$
$r$ $[n/(2m), 2n/m]$










C, D, E, $n\in\{100,200\},$ $m\in$
$\{5,10,20\},$ $s\in\{1,8\}$ 36





0.5, $size_{-}dec_{-}\beta=0.1$ , size-inc-factor $=0.1$
$t$ $t$
$n$ $t=3n$
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